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Observed magnetic field at drill bit
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Motivation

• NOAA’s magnetospheric real-time disturbance field 

calculator was presented at  2012 ISCWSA meeting 

at San Antonio. 

• Updated the calculator to use latest USGS 1 minute 

Dst

• Validation against magnetic observatory and MWD 

data

Ref. Maus, S., Nair, M., Woods, A., Gannon, 

J. L., Finn, C. A. & Love, J. J., 2012. The 

NGDC/USGS real-time magnetospheric

disturbance field calculator, ISCWSA, San 

Antonio, Texas.
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Geomagnetic Field

• Main field
• Convection in the outer core

• 95% of the observed strength

• Secular variation

• Data by satellite and observatories

• Crustal field
• Magnetized rocks in the crust

• Does not change with time

• Data by satellite, ship and aircrafts

• External field 
• Currents in the magnetosphere and  ionosphere 

• Disturbance by space weather 

• Upper atmospheric winds

• Data by satellite and observatories 

4
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Magnetospheric currents and fields

Magnetospheric electric 

current systems

Use model of Maus & Lühr, 2005 & 2010
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Real-time modeling of geomagnetic field

What is included

1. Magnetospheric variations caused by space weather

2. Rotation of the Earth in the magnetosphere

3. Secondary magnetic fields of electric currents, 

induced by time-varying magnetic fields in the 

conducting Earth and oceans

How

1. USGS real-time Dst* index (ground observatories), 

backup from WDC Kyoto

2. NASA solar wind measurements (ACE satellite)

3. Cloud based real-time modeling
*Dst = Disturbance Storm Time
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USGS Operational Dst

Derived from 4 geomagnetic 

observatories 

1 minute data

Real-time access

Latency 15 minutes

Backups USGS 3 station Dst and 

WDC Kyoto definitive Dst

Ref: Gannon, J. L. & Love, J. J., 2011. 

USGS 1-min Dst index, J. Atmos. Solar-Terr. 

Phys., 73, 323-334. 
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Separation of external component of Dst

http://geomag.colorado.edu/rt-ist-est-storm-indices
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Real-time modeling

geomag.colorado.edu

CIRES External field modeling

USGS

WDC Kyoto

(backup)

Dst

SWPC

Solar 

Wind

Programmatic 

/ xml
Online calculator
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Screen shot of online calculator

geomag.colorado.edu/real-time-disturbance-field-calculator
Minute resolution since December 2013. Hourly resolution for 2000-2013 

Total field at the Earth surface for a magnetic 

storm in October 2003



11NATIONAL CENTERS FOR ENVIRONMENTAL INFORMATION UNIVERSITY OF COLORADO HOUSTON OCT 1, 2015

Magnetic storm on 2015-03-17 peak Dst (-194 nT)

Change in field strength
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Change in dip angle 

Magnetic storm on 2015-03-17 peak Dst (-194 nT)
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Change in declination

Magnetic storm on 2015-03-17 peak Dst (-194 nT)
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Validation with minute data
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Validation with MWD data

Corrected for drill string interference from 

Schlumberger’s MWD data from off Brazil 

during the March 17, 2015 magnetic 

storm.

A. HDGM2015  (Core, crust and 

average external)

B.   HDGM2015 (Core, crust) + Real-time 

disturbance model
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A. MWD vs HDGM

- Fix Reference

B. MWD vs HDGM RT

- Variable Reference

- Better fit

Off Brazil

(March 15-18, 2015)

Image courtesy of 

Schlumberger

Correcting MWD data  
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Disturbance During Magnetic Storms (Kp≥6)

Ref. Maus, S., Nair, M., Woods, A., Gannon, J. L., Finn, C. A. & Love, J. J., 2012. The 

NGDC/USGS real-time magnetospheric disturbance field calculator, ISCWSA, San 

Antonio, Texas.
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•Magnetic disturbance field modeling
• Real-time modeling 

• Uses USGS operational Dst and ACE satellite IMF data as input

• Available to public at geomag.colorado.edu

• Manual and programmatic access

•Works best in 
• Up to 50% reduction in total field and dip residuals

• Correct total field and dip for magnetic referencing

• Preliminary validation with MWD data

•Plans to improve
• Include further parts of the external field (Solar-quiet, electrojet)

• 3D electromagnetic induction 

• Use solar-wind predicted Dst (30 minutes in advance )

Summary
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South Texas – 1

(March 13-22, 2015)

A. MWD vs HDGM

- Fix Reference

B. MWD vs HDGM RT

- Variable Reference

- Better fit

Correcting MWD data  

Image courtesy of 

Schlumberger
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A. MWD vs HDGM

- Fix Reference

B. MWD vs HDGM RT

- Variable Reference

- Better fit

Image courtesy of 

Schlumberger

South Texas – 2

(March 14-28, 2015)

Correcting MWD data  




